ABSTRACT
INTRODUCTION
ecently, central banks, financial market participants, and academic researchers have had an increased focus on the term structure of interest rates as a useful indicator to employ for the purposes of monetary policy and forecasting future economic conditions. This is due to previous studies illustrating that term structure contains meaningful and useful information about the future direction of macroeconomic variables. Estrella and Mishkin (1995) demonstrate that the yield curve provides information about inflation in the United States (U.S.), Germany, Italy, United Kingdom (U.K.), and to a much lesser degree, in France. Other studies show that the term structure of interest rates presents information about real economic output. Estrella and Hardouvelis (1991) provide evidence that in the U.S., the yield curve predicts both the accumulated changes in economic activity four years into the future and the marginal changes in economic activity for up to one and a half years ahead. They also illustrate that the yield curve outperforms other economic indicators such as lagged output growth, lagged inflation, index of leading indicators, and real short-term rates. A number of studies have also been conducted to demonstrate that the term structure of interest rates has useful information about the future likelihood of recessions. In their study, Estrella and Mishkin (1996) show that the yield curve provides useful information about the likelihood of future recessions in the U.S. Estrella and Mishkin (1995) illustrate that in the U.S., Germany, Italy, U.K., and France, term structures contain useful information about possible future recessions. This confirms that the significance of the yield curve as a predictor of recessions does not only apply within the U.S. boundaries.
In his study, Mishkin (2001) maintains that the yield curve is also classified as the relationship between yields to maturity of bonds with different terms to maturity which have identical characteristics in terms of risk, liquidity and tax considerations. Such a yield curve provides a description for the term structure of interest rates for certain kinds of bonds, such as the difference between the three month treasury bill short-term bonds and the government ten year long-term bonds.
Usually, the yield curve can be categorized in three different classifications; a positively sloped yield curve (i.e., when the long-term interest rates are higher than the short-term interest rates), a negatively sloped yield curve (i.e., when the short-term interest rates are higher than the long-term interest rates), and a flat yield curve (i.e., when the short-term and long-term interest rates are the same level) (Mishkin, 2004) . However, the shape of the yield curve does not only always adopt the three classifications explained above. The yield curve can sometimes be upward-sloping first and then be downward-sloping; or sometimes be downward-sloping first and then be upwardsloping. The theories of the term structure of interest rates are designed to explain the behaviour of the yield curve (Fung and Chapple, 1994) 
Theories Of The Terms Structure Of Interest Rates
According to Mishkin (2001) , a good theory of the term structure of interest rates should provide an explanation of the three empirical observations about a yield curve that are listed below:

The interest rates on bonds of different maturities move together over time.
The yield curve becomes upward-sloping when the long-term interest rates are above the short-term interest rates, and downward-sloping (inverted) when the long-term interest rates are below the short-term interest rates.
The yield curve is typically upward-sloping.
The abovementioned empirical observations are important due to the following two facts stipulated by Hubbard (2002) . First, that the observations highlight the fact that in practice the yield curve normally shifts upwards and downwards instead of changing its shape. Secondly, the observations provide the typical positions and patterns of the yield curve. Thus, the understanding of these typical positions and patterns assist investors and policymakers in using the yield curve in forecasting future economic variables such as the interest rates. Additionally, investors also incorporate their effect on future expectations. Moneta (2003) suggests that investors associate a positive yield curve with future expected economic growth, while a negative yield curve has been associated with an expected decrease in economic growth.
To illustrate this, let us assume that the central bank adopts a loose monetary policy with an objective to boost economic growth. The investors would in this instance expect the central bank to decrease the short-term interest rates. The effect would be short-term interest rates decreasing below the long-term interest rates, inducing a positively sloped yield curve. The decrease in short-term interest rates would result in an increase in consumer spending due to low interest rates and more access to credit services. Due to high levels of consumer spending, the price of goods would increase, and as a result the central bank would intervene with a tight monetary policy. The investors would in this case expect the short-term interest rates to increase as a measure to curb inflation. This would see the short-term interest rates increasing above the long-term interest rates, inducing a negatively sloped yield curve indicating an economic contraction. The point here is that a positively sloped yield curve indicates an economic expansion, which is led by the expectation of a decrease in short-term interest rates below the long-term interest rates. The market expectation from this is for the future short-term interest rates to increase as a measure to hold back the increase in inflation. Owing to this expectation, the long-term interest rates would decline below the short-term interest rates to induce a negatively sloped yield curve.
Economic researchers have developed three main theories of the term structure of interest rates to explain these empirical observations and also to explain the shape of the yield curve. These theories are the expectations theory, the market segmentation theory, and the liquidity premium theory (Ronald and Edgar, 2007). The preferred habitat theory is the fourth theory which is linked closely to the liquidity premium theory (Howells and Bain, 1994) . The expectations theory can explain only the first two empirical observations. The theory does not explain the third observation. The segmented markets theory explains only the third observation. Both the liquidity premium theory and the preferred habitat theory, which are considered the same (Mishkin 2004) , explain all three observations. However, for the purposes of this article, the focus is on the effect that the investor's future expectations have on the economic conditions.
The expectations theory proposes that the rate of interest on long-term bonds represents the expected average of the short-term rates of interest for the entire life of the long-term bond (Moolman, 2002; Fung and Chapple, 1994) . For instance, if the market expects that the interest rates on a short-term bond over a five-year period will average at 10%, the expectations theory predicts that the interest rate on a long-term bond with a maturity term of five years will also be 10%. Similarly, if the market participants expect the average of the shortterm interest rates over 10 years to increase to say 15%, then the long-term interest rates with the term to maturity of 10 years are expected to also be 15%, and higher than the interest rates on the bonds with terms to maturity of five years, according to the expectations theory.
These types of bonds are referred to by Michaelsen (1965) as perfect substitutes. This stems from the fact that market participants do not have preference for bonds with certain terms to maturity, over other bonds that have different maturity terms. In other words, an investor would not hold a certain bond when there is another bond of a different term to maturity with a higher expected rate of return. Thus, an investor would not show preference for one bond over another with a different maturity term, when both bonds yield the same rate of return.
In the next section, the relationship between the term structure of interest rates and economic activity is discussed, to critically analyse how the economic activity may be influenced by term structure of interest rates. However, it is equally important to first discuss the concept of recession.
Concept Of Recession
One way to understand the meaning of a recession is through a phenomenon known as an economic business cycle. Burns and Mitchell (1946) , in modifying the definition of a business cycle initiated by the National Bureau of Economic Research (NBER) in 2001, define a business cycle as follows: "... a cycle consists of expansions occurring at about the same time in many economic activities, followed by similarly general recessions, contractions, and revivals which merge into the expansion phase of the next cycle; this sequence of changes is recurrent but not periodic; in duration business cycles vary from more than one year to ten or twelve years …" (Burns and Mitchell, 1946) . One important point to be gained from this explanation is the fact that the definition does not impose any fixed constraint in terms of the duration of a cycle. The business cycle peaks are an indication of the end of an economic expansion and the beginning of a contraction. And similarly, the trough of a business cycle signals the conclusion of a contraction and the beginning of an economic expansion.
The general way of thinking about the concept of a business cycle is that economic expansions and contractions represent upward and downward swings with respect to aggregate economic activity (Moore, 1967) . This view links the business cycle theory to what empirical literature defines a recession to be. In his study, Karunaratne (1999) asserts that a recession takes place if economic growth is negative for two or more quarters consecutively. However, this definition is not particularly specific in the sense that it does not stipulate what economic measures and variables are used in order to determine an economic growth or decline; it is only specific with regard to the time duration requirement.
Although Karunaratne (1999) does not present specifics about the economic variables used in determining a decline in economic growth, the definition still provides insight into the duration of an economic decline for it to be considered a recession. The NBER committee provides a more elaborate definition of what they define a recession to be in their report dated November 26, 2001 . The NBER states that a recession occurs if there is "…a significant decline in activity spread across the economy, lasting more than a few months, visible in industrial production, employment, real income, and wholesale-retail trade" (NBER, 2001:1). The NBER definition specifies the economic variables they use in determining decline or growth in the economy. However, the committee also makes it clear that the economic variables that can be used are not limited to the four mentioned in the definition; other variables may be used as there is no hard and fixed rule with regard to which variables to use In this study a recession is considered, by its formal definition, as being negative economic growth in two or more consecutive quarters. Table 1 represents the business cycle phases in South Africa since 1980 as stated by the South African Reserve Bank in the Quarterly Bulletin September 2012 (SARB, 2012:S-153). In this table, SARB considers the upward phases as economic growth periods in South Africa, and the downward phases as segments of the business cycle representing economic contraction periods. In both cases the duration of both the downward and upward swings are indicated by the number of months the swings lasted. In some of these downward phases lie the periods of recession that have occurred in South Africa. Thus, the objective of this study is to determine if the S.A, Chinese, U.S, and German yield curves are able to accurately predict these recessionary periods. 
Yield Curve And Economic Activity
According to Moneta (2003) , the relationship between the term structure of interest rates and economic activity and how this relationship may lead to a recession may be explained by the two main empirical expectations arguments. The first argument stems from the effects of the monetary policy on the term structure of interest rates, while the second argument explains the hedging behaviour of consumers.
Role Of The Monetary Policy In The Term Structure Of Interest Rates
Monetary policy has a role to play in affecting the composition of the term structure of interest rates and hence influencing the economic activity. According to Gowland (1991) , the yield curve serves an important tool for the transmission of monetary policy to economic activity. Put differently, through the term structure of interest rates, the central banks are able to influence economic activity. Although the central banks are able to affect the direction of economic activity through the yield curve, they can only achieve this by operating on the short-end of the yield curve (Khomo and Aziakpono, 2007) , which is where central banks can directly affect short-term interest rates. Given this observation, the implication is that the degree to which to monetary policy may affect economic activity depends on the impact that short-term interest rates have on long-term interest rates.
For instance, should monetary policy increase short-term interest rates to the extent that the yield curve flattens, then according to the expectations theory market participants will expect future inflation to decrease due to the monetary policy contraction. As such a contraction causes a decrease in consumer spending due to high interest rate levels, economic growth declines in many parts of the economy. Moolman (2002) argues that market participants may believe that a contraction in monetary policy might lead to economic recession. Owing to investor expectations of a future recession, the yield curve may flatten to the extent that short-term interest rates increase above the long-term interest rates, inducing an inverted yield curve because of the market participants' increased probabilities of the occurrence of a future recession. Alternatively, should the monetary policy decrease short-term interest rate, in an attempt to ignite economic growth, investors may expect an increase in future inflation due to a loose monetary policy. According to Moneta (2003) , the yield curve will be steep, inducing a positively sloped yield curve. This suggests that long-term interest rates will increase above short-term interest rates. Because of the positive relationship between the term structure of interest rates and economic activity, this would lead to an economic expansion.
Hedging Behaviour Of Consumers
The case around hedging behaviour of consumers, according to Khomo and Aziakpono (2007) , is motivated by the fact that consumers aim to maximize their objective functions. In particular, Moneta (2003) asserts that consumers prefer a smooth consumption pattern throughout all cycles of the economy. The implication of preference for a smooth consumption level is that in expectation of an economic downturn, consumers may shift their investments to financial instruments that have future payoffs to compensate for the expected loss of their income value.
For instance, if consumers should expect that a future economic decline or a recession is highly probable, to compensate for the expected loss in income value, the consumer would shift their funds from short-term securities to financial instruments such as long-term securities that would provide future payoffs during economics downtimes. Thus, as consumers demand more of long-term securities, their price increases due to high demand, and their yields decline as a result. To finance the purchase of these long-term securities, Khomo and Aziakpono (2007 maintain that consumers would sell their short-term instruments. The impact of selling short-term securities is that the market supply of these securities increases as more consumers liquidate their short-term instruments. Due to the increased supply of the short-term securities in the market, the price on these securities declines and the yields increase. Thus, the increasing yields on short-term securities and the declining yields on long-term securities drive the short-term interest rates to increase above the long-term interest rates, and thus inducing an inverted yield curve. This phenomenon is referred to by Alessandrini (2003) , as the Consumption Capital Asset Pricing model, which suggests that economic activity is the main driver of asset pricing.
The literature suggests that the relationship between the term structure of interest rates and economic activity is positive. This implies that when the yield curve has a positive slope, it is an indication of future economic growth, while a future economic decline is signalled by a negatively sloped yield curve. Moreover, the literature also suggests that the inversion of a yield curve provides an indication of a pending recession. The following section reviews some of the international evidence of this relationship
Empirical Evidence From Developed Countries
The literature provides empirical evidence that suggests the existence of a positive relationship between the term structure of interest rates (i.e., the yield curve) and the economic activity in the United States (U.S.) and in the OECD countries. Some of these studies in the U.S. are by Estrella and Hardouvelis (1991); Haubrich and Dombrosky (1996) ; Stojanovic and Vaughan (1997) ; and Dotsey (1998) . There are also studies outside of the U.S. context, such as in Europe, by Bonser and Morley (1997); and Moneta (2003) . In Australia, studies by Karunaratne (1999) and, in Italy by Brunetti and Torricelli (2009) , also provide evidence. Other studies, such as Bernard and Gerlach (1996) , provide evidence of the predictive power of the yield curve across countries such as Belgium, France, Germany, the Netherlands, Japan, Canada and the United Kingdom (U.K.). In South Africa, evidence is provided by the likes of Nel (1996) Due to observations by many economists and analysts that the flattening of the yield curve in 1988 and 1989 represented a looming recessions in the U.S., Estrella and Hardouvelis (1991:255) investigated the information content of the term structure of interest rates. Their study investigated the following in particular: firstly, if there was any extra information that the term structure provides that is not already in the other economic statistics; secondly, if the term structure qualifies as one of the indicators of the leading index of economic activity; and lastly, the usefulness of the term structure for the purposes of monetary policy.
To evaluate the predictive content of the yield curve in forecasting future real output, real GNP was regressed on the term spread with quarterly data from 1955 to 1988. Furthermore, to examine the predictive content of the yield curve in forecasting recessions, the probit model was estimated using the same data. In both cases the performance of the yield curve was examined against other economic indicators. One of the observations was the fact that a steeper yield curve provides signs of faster growth in real output, while a flatter yield curve signals slower growth in real output. In the case of forecasting future real output, Estrella and Hardouvelis (1991) found that the leading index only forecast output for up to three quarters into the future, while the lagged growth and the rate of inflation provided no predictive information. The term spread on the other hand, provided information for the entire horizon of 20 quarters ahead, although the regression coefficients were statistically significant over three years. In the case of forecasting future recessions, the authors observed that over the horizon of four quarters in the future, the yield curve performed better than other indicators.
Evidence that the yield curve provides information on future economic activity and the likelihood of U.S. recessions sparked increased interest among researchers and policy makers. Bernard and Gerlach (1996) adopted the studies by Estrella and Hardouvelis (1991) and Mishkin (1995a, 1995b) in an attempt to examine the predictive power of the yield curve in Belgium, Canada, France, Germany, Japan, the Netherlands, U.K., and the U.S. To obtain the extent to which the yield curve provides predictive information about future economic conditions in these countries, an index of leading economic indicators was incorporated into the probit regression model and employed to identify which variable between the yield curve and the leading index forecasts economic activity more accurately. The forecasting power of the term spread was observed to be highest in Germany, followed by the U.S. and then Canada, while the term spread provided the lowest predictive content in Japan. In comparison to the leading indicator, the yield curve was able to forecast recessions across three quarters and more into the future, in all of the countries except for Japan, while the leading indicator was observed to have forecasting power up to three quarters in Belgium and the Netherlands. This study emphasized that the yield curve dominated the leading indicators in predicting future recessions with longer horizons. Estrella and Mishkin (1996) assert that the fact that the term spread dominates in longer horizons in forecasting future economic conditions, is the quality most valued by the policymakers. Policymakers generally value forecasts with long-term views, due to the reality that policy actions take effect and benefit economies only after lengthy time lags.
However, a considerable number of previous studies overlooked the limitations of the traditional static probit econometric model used in forecasting future economic conditions and recessions, with the exception of Karunaratne (1999) and Dueker (1997) . According to Karunaratne (1999) , the dynamic probit model provides better forecasts than the traditional static probit. This is because the static probit model does not take into account the dynamic structure of the lagged dependent variables. The inclusion of the lagged dependent variables improves the competence of the probit model by eliminating serial correlation or the white noise of the residuals. His findings further suggest that the dynamic probit model predicts better the severity, occurrence and duration of recessions in contrast to the traditional probit model (Karunaratne, 1999) . Many recent studies in the twenty-first century aim to address this limitation.
Nyberg (2010) adopted the dynamic probit models that were suggested by Kauppi and Saikkonen (2008) in an attempt to examine the predictive power of the yield curve, in the U.S. and Germany. The performance of other variables such as stock price returns and the short-term interest rate differential between Germany and the U.S. were also examined with that of the yield curve of each country. Additionally, the forecasting ability of the German yield curve in predicting U.S. recessions was compared to the forecasting power of the U.S. yield curve in predicting recessions in Germany. Nyberg (2010) followed the logic of Bernard and Gerlach (1998) that states that if the domestic yield curve is a useful indicator, then the foreign term structure of interest rates may as well have predictive content on domestic economic conditions. Bernard and Gerlach (1998:6) suggested that this is because the movements in both the term spreads and economic activity have a tendency to correlate across countries. Thus, in his study, Nyberg (2010) evaluated this logic.
The general observation according to Nyberg (2010) is that in contrast to the traditional probit model used in previous studies, the new dynamic structure imposed on the probit model adds significant statistical forecasting power. The findings also revealed and confirmed that in previous studies the term spreads for both Germany and the U.S. were useful in predicting future recessions both in Germany and the U.S. Additionally; stock price returns also serve as an important forecasting tool in short horizons. In a discussion assessing the predictive ability of the foreign term spread in forecasting domestic recessions in both countries, Nyberg (2012: 216) makes the conclusion that the U.S. term spread provides the information about the German recessions in the in-sample forecast, while the out-ofsample performance is poor. Furthermore, the short-term interest rates differentials between Germany and U.S. have predictive power in Germany, but not so much in the U.S., while the German yield curve provides information about U.S. recessions.
In comparison to previous and recent studies, three factors become apparent. Firstly, recent research confirms the findings of previous studies by emphasizing the predictive power of the term spread with regard to recessions and economic activity. Secondly, recent studies provide evidence of the added statistical significance of the forecasting ability of the new dynamic structure of the dependent variables added to the probit model, as opposed to the static probit model of the previous studies. Thirdly, both the recent and previous studies emphasize that the yield curve outperforms other financial variables in longer forecasting horizons. Lastly, recent studies emphasize more the out-of-sample forecasts of the yield spread as opposed to the large number of previous studies which focus on the in-sample forecasting of the yield spread. According to Estrella and Mishkin (1996) , the out-ofsample forecast provides a truer forecasting ability of an indicator since the out-of-sample predictions account for forecasts in periods beyond which the models are estimated for.
Despite abundant studies in developed markets, there are several studies that have been carried out in emerging market countries to examine the relationship between the term structure of interest rates and economic recessions, particularly in South Africa. The following section reviews these studies.
Empirical Evidence From South Africa
There is limited research in developing countries, especially in the South African context. Nel (1996) looked at how the term structure of interest rates is related to the South African economic business cycles. In modelling the relationship using quarterly GDP data, Nel (1996) made use of the techniques of co-integration. The results revealed a co-integration of the South African GDP and the term structure of interest rates. This was confirmed by the statistical significance of the term structure in explaining the changes in the economic business cycle.
In recent studies, Moolman (2002) analysed the capabilities of the term structure of interest rates in forecasting the turning points of the business cycles from the year 1979 to 2000. Like Estrella and Mishkin (1996 and 1998), she estimated the probit model with quarterly data. The results revealed that indeed the spreads between 10-year government bonds and three-month bankers' acceptance bill forecast with success the turning points, with a lag of two quarters.
Another one of the recent studies from which the motivation for this research was derived is the study by Khomo and Aziakpono (2007) . This study employs the standard and modified probit models suggested by Estrella and Mishkin (1996) , and Dueker (1997) , to investigate the predictive content of the term spread between the threemonth Treasury-bill and the ten-year government bond, in forecasting recessions in South Africa. The models are estimated with quarterly data from 1980 to 2004. To obtain the degree of the predictive power of the term spread, its performance is evaluated against that of other financial variables such as the growth rate of real money supply, ALSI, and the leading index of economic indicators.
The empirical results suggest that the real money supply provides no information about future recessions. In further analysing the results, the authors found that the ALSI provides predictive information for up to two months into the future but it does not do better than the term spread. This observation is similar to that of Nyberg (2010) in that the stock price index does indeed provide information about future economic activity, but over short horizons. The findings of Khomo and Aziakpono (2007) from the dynamic probit model results also confirm previous international studies, (Estrella and Hardouvelis, 1991; Estrella and Mishkin, 1995a; Bernard and Gerlach, 1996) , in that the yield curve outperforms other financial indicators in longer horizons.
Although empirical results from the study by Khomo and Aziakpono (2007) indicate that the yield curve was able to predict most of the South African recessions since 1980, the results also reveal 84% erroneous probability, of South Africa being in recession in 2003. This prediction, however, did not transmit into reality in the year 2003. In fact, according to the South African Reserve Bank quarterly bulletin report released in March 2011, South Africa experienced economic growth from September 1999 to November 2007. This finding motivated the investigation of the predictive power of the S.A, Chinese, U.S., and German term structures of interest rates in forecasting S.A. recessions. The inclusion of the Chinese, U.S., and German term structures are motivated by the study of Bernard and Gerlach (1996) which stated that the term spreads and economic activity across countries are correlated, thus it is generally expected of the foreign term spread to provide predictions about future domestic recessions.
5.
METHODOLOGY FRAMEWORK
Econometric Model And Estimation Methods
The econometric model used in this study is a non-linear probit model which involves the estimation of the probability of a recession at a particular time period. This method has been adopted widely by academic researchers in forecasting the probabilities of recessions (see: Bernard and Gerlach (1996) Since the binary variable indicates whether an economy is in recession or not, the standard linear regression that links the slope of the yield curve to the binary variable can be specified as follows (Moolman, 2002) :
where is considered to be an unobservable variable that is used to determine the event of an economic recession at time , is the explanatory variables used at time , represents the error term of the model, and , are the model coefficients to be estimated. The probit model is nonlinear and its focus is to relate the probability of an economic recession in the current quarter , with the slope of the yield curve observed at earlier quarters such as (Estrella and Hardouvelis, 1991) . As such, and in accordance with the theory of probabilities, the nonlinearity nature of a probit model ensures that the probability value produced falls within the interval [0, 1]. This can be given by the following traditional probit model (Nyberg, 2010) :
where signals the probability of recession (i.e., the probability that ), based on the information provided by the explanatory variable at time , and represents the cumulative normal distribution. The coefficients and are estimated using the following maximum likelihood (ML) method (Hao and Ng, 2011; Estrella and Hardouvelis, 1991):
One of the issues of the traditional static probit model is the absence of the dynamic structure with regard to the dependent variable when it is applied to the time series data. The general assumption made by the probit model is that the random shocks in the model are independent and identically distributed and have a mean of zero (Dueker 1997) . However, this is not possible with many times series models. Estrella and Mishkin (1998) indicate that the probit model has a general constraint of overlapping data in such a way that the errors of forecasting are more likely to be serially correlated. The implication of this is that, the significance tests of model variables conducted through the standard test statistic are likely to yield results that are meaningless.
Due to the limitations of the traditional probit model, the dynamic probit model was proposed by Dueker (1997) . This method aimed at removing the serial correlations present in the error term by adding a lag of the dependent variable as an explanatory variable to include its dynamic structure in the model. Furthermore, Nyberg (2010) suggests that adding a lag of the dependent variable improves the forecasting performance of the probit model by taking into consideration the previous state (i.e., ) of the economy in predicting the future state (i.e., . This dynamic probit model is specified as follows: such that is the lag of the dependent variable added and are coefficients which are estimated using the same maximum likelihood function presented in (3).
The measure of the goodness of fit for the explanatory variables used in the model is the . Estrella and Mishkin (1998) maintain that for a certain estimated equation, a is a goodness of fit which in a standard linear regression it naturally corresponds to the coefficient of determination. This measure can be specified as follows (Dueker, 1997) :
indicates the unrestricted value of the log-likelihood of the estimated model, represent the maximum value under the constraint that all coefficients are zero excluding the constant, and is the number of observations. According to Hao and Ng (2011), a high indicates that the explanatory variables used are relevant in that the variables increase the likelihood function of the model, as opposed to a model that only has a constant term. As such, the measure is used in conjunction with the test statistic to determine the time lags that provide the best fit with regard to all the explanatory variables considered.
To compare the accuracy of the predictions produced by the explanatory variables, the forecasting error of the probit which has been adopted by studies such as Dotsey (1998) and Khomo and Aziakpono (2007) is also used in this study. This is the Root Mean Square Error (RMSE). According to Gujarati (2003) RMSE is a frequently used error tool which measures the dispersion around the true value of a data point, by measuring the difference between the values predicted by a model with the actual observed values. This means that it determines how close a fitted line is from a true value of a data point. Thus, the use of RMSE as a comparative tool makes it possible to determine how the predictive accuracy of the explanatory variables considered change in different time periods. Moreover, since the tool is frequently used by similar studies, it allows for the results to be compared with those of previous studies.
Data Used And Its Source
The economic data used were obtained from the SARB statistical database. This includes the S.A GDP growth rate, the S.A three-month Treasury bill rates, the S.A 10-year government bond yields, and the S.A business cycle data. This, however, excluded the U.S., German and Chinese data. The U.S, Chinese and German three-month Treasury bill rates and 10-year government bond yields were obtained from the I-Net Bridge computer lab at the University of Johannesburg.
The time horizon of all the data is quarterly from 1980:Q1 to 2012:Q2. This is consistent with the study by Khomo and Aziakpono (2007) in which their analysis concluded in 2004; however this study extended the data size by including the periods from 2004 to 2012. This was done to include the latest U.S. sub-prime recession of 2007 which caused a global meltdown, including in S.A. The in-sample period was from 1980Q1 to 2000Q4. In that period, the best-fit forecasting models for each country were estimated. However, due to the poor availability of data from major financial markets' databases, including financial institutions with respect to China, the in-sample period for China was from 1995Q1 to 2000Q2. The out-of-sample investigation period of all the term spreads was from 2001Q1 to 2012Q2.
The slope of the yield curve is determined from the difference between the 10-year government bond yields and the three-month Treasury bill rates for the U.S., China, and S.A. This is because the yield curve determined from the difference between the short-term interest rates and the long-term interest rates is one of the leading economic indicators that has attracted considerable attention (see for example Estrella and Hardouvelis (1991), Bernard and Gerlach (1996) , Moolman (2003) , and Nyberg (2010)).
Since the probit model predicts a binary dependent variable , that is either an economy in a recession (when ) or an economy not in a recession (when ), it is required that data with binary characteristics is used. In that way, the indicator of recession is obtained from the South African Reserve Bank (SARB). For the period under consideration in this study (i.e., 1980 to 2012), the indicator is set to 1 (i.e., ) for the quarters that SARB classified S.A to be in a recession and is set to 0 (i.e. ) for the quarters that SARB classified S.A not in a recession. S.A has been in recession in the following periods; 1981:Q4 to 1983:Q1, 1984:Q3 to 1986:Q1, 1989:Q2 to 1993:Q2, and 1996:Q4 to 1999:Q3 (SARB, 2012). Additionally, the recent recessionary period that S.A experienced was from 2008:Q1 to 2009:Q3 (SARB, 2012). Thus, in these recessionary periods, the dependent variable is set to 1. In other periods of no recession the dependent variable is set to 0. Figure 1 provides a graphical view of the term spreads considered in this study and of the South African (S.A.) business cycle. The shaded areas represent the S.A. recessions according to SARB (2012) . Observation of the literature shows that the yield curve inverts prior to the occurrence of an economic recession (Estrella, 2005) . The implication is that prior to a recession, the slope of the yield curve becomes negative (otherwise positive -indicating economic growth). Observe from Figure 1 that in the case of S.A., the slope of the yield curve was negative prior to all the recessions. China and U.S. show the same trend. Germany shows a similar trend, however, the large decrease around 2000 was not followed by a recession. Table 2 represents the results obtained from testing the term structure data used. The technique used was the Augmented Dickey-Fuller (ADF). The results indicate that the term spread data are l(0) stationary on the level. 
ESTIMATION RESULTS FROM THE RECESSION FORECASTING

Data Considerations
Model Results
This section discusses the results of the dynamic probit model estimation for each of the term structures of each country. For each of the term spread in the in-sample forecasting, the model is run with eight different lags (i.e., 1 to 8) and the optimal lag of forecasting is determined from the lag with the highest and lowest Schwartz-Bayesian Information Criteria (SIC), conditional that the RMSE is also the lowest at that particular forecasting lag. Otherwise, the lag with the lowest RMSE is selected as the optimal lag of forecasting for that particular term spread.
After the in-sample recession forecasting evaluation of the term spreads, the coefficients of the dynamic probit model estimated in the in-sample estimation are used in the out-of-sample forecasting with the out-of-sample term spread data to predict the South African recessions in the out-of-sample period (i.e., 2001 to 2012)
The Case For S.A.
S.A In-sample Results
The in-sample estimation results are presented in Table 3 . The results indicate that the optimal lag for the best-fit estimation model is at 1 quarter (i.e., when k=1). This is because at this lag, is higher compared to other lags. This is also accompanied by the lowest RMSE, the lowest SIC, and the lowest VP compared to other lags (i.e., from k=2 to k=8). The of 0. 738717 suggest that the S.A. term spread explains about 73% of the variation in the dependent variable. Furthermore the coefficients of both the term spread ( ) and the lagged dependent variable ( ) are statistically significant at 1%, 5% and 10%. Based on the optimal lag selection for the best-fit model criterion set above the following equation represents the estimated in-sample dynamic probit model for S.A. at the optimal lag of k=1:
where F represents the cumulative normal distribution, is the dependent variable that assumes a value of 1 in the event of a recession and 0 otherwise in period t, and is the probability of S.A. being in a recession in period t, given the term spread and lagged dependent variable information, respectively, at time t-1.
To illustrate the use of the best-fit model, Table 4 below shows the probabilities of recession given the S.A term spread and recession indicator 1 quarter earlier in the period 1987Q3 to 1999Q2. Table 4 indicates that the probability of S.A. being in a recession was negligible at 1.022% when the term spread averaged 6.555 and the dependent variable was 0. The probability of recession was predicted to be about 13.034%, when the term spread averaged 1.259 and the dependent variable was 0. However, the recession probability was almost certain at 95.611% when the term spread averaged -1.295 and the recession indicator 1. This confirms the observation from the literature that prior to the occurrence of an economic recession, the slope of the yield curve becomes negative (Estrella, 2005) . In other words, the probabilities of recession increase. shows that a few quarters before the 2007 recession, the expected probability was already on the rise at above 20%. As S.A. was descending into a recession, the forecast probability increased to above 60% to correctly indicate the occurrence of the recession. During the recession, the expected probability remained above 80%. The plot also illustrates an important feature. The in-sample forecasting of S.A. recessions by Khomo and Aziakpono (2007) produced an incorrect probability of about 84% in 2003, which never took place. However, Figure 3 indicates that the recession probabilities stayed at low levels of just below 40%. This is a more accurate prediction than the insample forecasting, as S.A. did not descend into a recession in 2003.
In-sample Results Of Foreign Term Spreads
The in-sample results of each of the term spreads are summarized in Table 5 . Observe the results for the Chinese term spreads in the table. The optimal lag of the best-fit model given the Chinese term spread and recession indicator 1 quarter earlier is at k =1. This lag is characterized by the highest , the lowest SIC and the lowest RMSE compared to measures at other lags (i.e., from k=2 to k=8). These RMSE and values are similar to those produced by the S.A. best-fit model. At the optimal lag both the coefficients of the term spread and the lagged recession indicator are statistically significant at both 5% and 10% at significant levels. This suggests that the Chinese term spread is best at predicting S.A. recessions, given the Chinese spread and the S.A. recession indicator 1 quarter earlier. As such, the best-fit model for China is presented below:
View the result for the U.S. term spread in Table 5 . The optimal lag of the best-fit model is represented by k=5. This is because at this lag, despite the not being the lowest, and the SIC not being the lowest, the lag is selected based on the lowest RMSE compared to other lags. This high RMSE might be due to the fact that the lagged recession variable from an emerging country such as S.A. is modelled with the term spread from a developed country such as the U.S. As such, this suggests that the U.S. term spread predictions of S.A. recessions might not be accurate. As such the best-fit model is as follows:
Finally, examine Table 5 for the German term spread results. The best-fit model optimal lag is at 8 quarters (i.e., k = 8). Also in this case, the is not the highest and the SIC is not the lowest. But the RMSE is the lowest compared to other lags. The high RMSE suggests that the German term spread might also not be accurate in predicting S.A. recessions. This might be due to a similar reason as in the case for the U.S that the lagged recession variable from an emerging country as S.A is modelled with the term spread from a developed country as Germany. However, the t-statistics is significant at this lag. The best-fit model is represented as follows:
The best-fit models (equation 7, 8, and 9) generate the probabilities of S.A. recessions, given the respective term spreads and the S.A. recession indicator k quarters earlier. (--) indicates that values could not be computed by Eviews. Table 6 below illustrates the use of the Chinese, U.S. and Germany best-fit models in generating the predictions for S.A. recessions in-sample. The term spreads used are in the period from 1995:Q2 to 1998:Q1. Part of the period indicates the time when S.A. was not in a recession (i.e., indicated by 0) and the other part indicates the time when S.A. was in recession (i.e., indicated by 1). Table 6 indicates that in 1995Q2 given the S.A. recession indicator and the Chinese, U.S. and German term spreads at 1, 5 and 8 quarters earlier, respectively, the probabilities were about 7.55%, 64.12% and 75.62%, respectively, that S.A. would be in a recession. Similarly, in 1997Q3 the probabilities were about 98.50%, 61.29% and 70.25%, respectively. As the literature suggests that recessions are signalled by a negatively sloped yield curve, observe from the table above that the slope of the Chinese term spread was positive in the periods of no recessions, from 1995Q2 to 1996Q4. This is indicated by the term spread values increasing in that period until 1996Q4. However, during the recession periods, the slope of the Chinese term spread was positive, indicated by term spread values decreasing until 1997Q3, and started increasing from that period, as S.A. was exiting the recession. Similarly, the U.S. term spread started decreasing from 1997Q1 as S.A. was entering the recession, and began to increase in 1998Q1, indicating a recovery. The probabilities of recession in this period remained above 55%. However, the high probabilities in no recession periods incorrectly predicted the occurrence of a recession. In the case of Germany, despite the negatively sloped yield curve in the recession periods accompanied by high probability levels, the probability levels were as high as about 70% in periods where S.A. was not in a recession. The implication is that the German term spread did not follow accurately the expected behaviour as observed in the literature when forecasting S.A. recessions. Figure 4 provides a graphical representation of the in-sample probabilities generated by the best-fit models of each of the foreign terms spreads: Table 7 illustrates the use of the Chinese, U.S. and Germany best-fit models in generating the predictions for S.A. Table 7 shows that in the period from 2006Q3 to 2007Q4 in which S.A. was not in a recession (i.e., indicated by actual probability values of 0%), the Chinese best-fit model produced probabilities lower than 10%, providing correct probabilities of recessions. However, the U.S. and German best-fit models generated probabilities higher than 50%, incorrectly forecasting the occurrence of the recent recession of 2008. Moreover, in the time horizon in which S.A. was in a recession from 2008Q1 to 2009Q2 (i.e., indicated by actual values of 100%), the probabilities generated by the Chinese best-fit model increased from below 10% in 2008Q1 to above 80% in all the recessionary quarters, correctly forecasting the S.A. recession. The probabilities generated by the U.S. model remained above 60% and decreased from 2009Q2, while the German probabilities decreased to below 50% during the recession. The U.S. produced some correct signals of the recessions but also provided incorrect signals in the periods in which S.A. was not in a recession. However, in the case of Germany the probabilities are countercyclical. In periods of no recession, the probabilities are high and in recession periods, the probabilities are low. Figure 5 provides a pictorial view of the out-of-sample prediction performance. For out-of-sample, expected probabilities for each quarter calculated using the best-fit models (=NORMSDIST ( )). The RMSE is then the average of the square root of the error squares at each quarter (i.e., error = actual probability -expected probability).
Out-of-sample Results Of Foreign Term Spreads
As discussed, both S.A. and China derive their best-fit estimation models at a lag of 1. This means that both China and S.A. can best forecast the S.A. recessions, given their spread levels and the S.A. recession indicator 1 quarter earlier. Equal optimal lags of forecasting between these countries may be due to the fact that S.A. and China are both emerging markets, and hence closely linked to each other. This link is indicated by the fact that China is regarded by the SARS as the number one country of destination for S.A. value-add export. Moreover, Laribee (2008) maintains that the bilateral economic ties between S.A. and China are due to the large-scale trade and investment deals which flow between the two countries. In fact, in May 2008 China became South Africa's largest investing foreign country (Laribee, 2008) . This suggests that a drastic decline in investment trading between S.A. and China would affect foreign revenue streams into S.A. and hence impact its economic activity with almost immediate effect.
However, in the case of the U.S. and Germany the best-fit model is derived from the optimal lag of 5 and 8, respectively. Observe in Table 8 that both the U.S. and Germany generate higher values of RMSE of about 0.4772 and 0.4476, respectively, compared to S.A. and China. The high values of RMSE compared to those of S.A. and China might be due to the fact that the lagged recession indicator of a developing country such as S.A. was used with the term spread of developed countries such as the U.S. and Germany. The high RMSE values suggested that the U.S. and German term spreads might not accurately forecasts future S.A. recessions. In the case of the U.S. this was evident from Section 6.2.1, that the U.S. provided some false signals of the S.A. recessions in some quarters. However, the German best-fit model provided mixed signals in which in most cases the model generated high probabilities in non-recession periods and low probabilities in recession periods. As such, the German model did not provide accurate forecasts of future S.A. recessions; in fact the generated probabilities were countercyclical. Table 8 shows that the out-of-sample RMSE values of S.A. (0.163) and China (0.101) are low. This was evident with the predicted out-of-sample expected probabilities predicting the direction of the actual probabilities ( Figure 5 ), particularly closely matched by the Chinese probability graph. This suggested that the S.A. and Chinese spreads are able to accurately forecast S.A. recessions given their respective spreads and the S.A. recession indicator 1 quarter earlier. However, the RMSE values are once again high for the U.S. (0.4550) and Germany (0.580) in the out-of-sample forecasting, particularly for Germany. This suggested that even the real-world forecasting of the U.S. and Germany might not accurately predict the S.A. recessions
7.
SUMMARY OF FINDINGS AND RECOMMENDATIONS
Summary
As observed in the literature, market interest rates usually move in the same direction as business cycles. Market interest rates usually rise when the economy is expanding towards its highest point, and tend to fall as the economy declines towards its lowest point or recession (Rose, 2003) . The expectations theory asserts that when the yield curve is upward-sloping, short-term interest rates are expected to increase in the future; and when the yield curve is downward-sloping, short-term interest rates are expected to decline in the future. An upward-sloping yield curve is induced when long-term interest rates are higher than the short-term interest rates. Similarly, a downwardsloping yield curve is produced when the short-term interest rates are higher than the long-term interest rates.
The inversion of the yield curve prior to the 1988 and 1989 recessions in the U.S. has been documented in the literature and, as such, the yield curve has been qualified by economists, researchers and policymakers as one of the prominent tools to use in forecasting future economic activities (Estrella, 2005) . Many of the studies are based on the U.S., but a considerable number on Brazil, Canada, Australia, New Zealand, and Germany also exist. The emphases in these studies is that the yield curve dominates other macroeconomic variables in forecasting future economic activities and recessions, particularly in the longer time horizons of more than two quarters into the future.
Concluding Remarks
The S.A. term structure of interest rates has not lost its ability to forecast S.A. recessions due to the several reasons. First, in the in-sample (i.e., from 1989 to 2000) forecasting, the S.A. best-fit model was able to accurately forecast all the recessions (i.e., 1980, 1984, 1986, and 1996) given the level of the term spread and the recession indicator 1 quarter earlier. Second, the out-of-sample forecasting findings revealed that the S.A. best-fit model again accurately predicted the occurrence of the S.A. 2008 recession. Finally, the out-of-sample predictions revealed that the incorrect predictions of 2003 by Khomo and Aziakpono (2007) were indeed incorrect since the probabilities of recessions remained below 40%, correctly indicating a non-recession period for S.A.
The Chinese best-fit model performed better than the S.A. best-fit model in predicting the 2007 recession about a quarter before its occurrence. The RMSE of 0.101 by the Chinese best-fit model was lower than the RMSE of 0.163 by the S.A. best-fit model. The implication is that economists and policymakers alike might also benefit a great deal from the predictive power of the Chinese term spreads in terms of forecasting S.A. recessions. With regard to the U.S., the best-fit model provided recession signals about five quarters before the 2007 recession, but also gave incorrect signals of recession around 2002. In the case of Germany, the best-fit model produced countercyclical recession signals. This indicated that in the real world, the German term spread does not predict S.A. recessions.
The study illustrated and confirmed that S.A. and China are closely linked emerging market countries as indicted by Laribee (2008) . This was illustrated by the fact that both S.A. and Chinese term spreads could better
